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OCVD^®^-^, Appl. Phys. Lett., Vol. 72(1998)1748'e^iMg^i^*^2~3 X 
1 0 ^^atoms/cm^(Z)#-^> ;!K*^iM*^ 2 3 X 1 0 ^^atoms/cm^#:ft Ms (DM 
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[0 0 0 6] 

7i<.mxpmmi^^m.m^t-t^:r.t.^m^-t^^mti.x. i^fF##m2 54 o 
, i&mm(Dvmui-Ymmi\:m^^mi^^mx\r^&o 
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[^^*^fi?s^ L J: e> -r s^®] 
^pmmm^m^m-r^m%m^^i¥m-t^m'^K^\>^x. Tf^m^^^^j^^f^nm 

^tfiT'®r~-;i/3eJtT*iipM!^tfJ®7Km*^-h^^t-t-f?^^bfc7fc**^, 3l«tti 
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^M'VTic.mmmti^ 1 x i o^^atoms/cm^j-j^Tic-r^zi^icj: y_hia^M*^^^$ 

tl, A^O?S1£MT®nMM®7K*a^^ 1X1 O^'^atoms/cm^JSATlC, pMMM 
$JMA^Pd, S c, Y, La. Ce, Pr, Nd, Sm, E u, T b, Ti, Z 
r, Hf, V. Nb, TaOO;!K^|fl«ifeM&'g-tfM«IJt^J:t)f7Kmiflt^M$:-^ 
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mm<omm i ) 
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1 0_LlcSJBEMOCVD^T'AlN*>e>^S/^^y ^'tM 1 1 S: 5 5 0*0"^^:^^, 
a^KlSg^l 1 0 0'lC'eGaN:Si*^e)^-& nMn>^^ hM 1 2 5 >tim^^$-B:fc 
„ fS5. Zl®^;S"^(Z)V/Iini2 0 0 OTfeSo ZlZl*T'©X^lCfel-tS^-V U 

[0 0 17] 

o r rl?, Ihq ggGa^ g5N:Si2 nm/GaN:Si4 n m 5 Mii®#M*^#:R?Stt 
Ml 3 |Hl?a^T'AlQ .^GaQ gN:Mg*^&^-5^^R&JhM 1 4 2 0 n m 
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[0 0 18] 

^tfr-e p MM b T V> S „ 
[0 0 19] 

Mgi:;!K^aSWMb}to wmht=.^^^m2.K^'ro pMMOMga^liVx 
1 0 ^^atoms/cm^-eTK^^i^ld: 2 X 1 0 ^toms/cm^T'^ U . nMSO^^^^^t^l* 
1X1 0l'^atoms/cm3©:^^|55^j|^-lC'e^^ - i:;^,ti|£i[^|^:it:„ 

[0 0 2 0] 

S7b^, HlSj^l^©^^^^4>ffi30^ ^EEMOCVD^:RT% Mgt^S«7Xl0 
l^atoms/cm^®^-^, 7 T o r r je/lTl?^tV«, P MM (Dyf^M^mit 4 X 1 0 ^^a 
toms/cm^je^TT? ^ -5 Zl il *^¥!f W L » 
[0 0 2 1] 

7?a:y^>^^S:if?V>, nM=i>^ hG a NM 1 2 ©^ffilCl±N§ff«=M 1 6 L 
TMo/Au pMi3>^ ^ hG aNM 1 5 «)^®lCli P§?«^ 1 7 LTN 
i /Au$:?^^-r-5c 
[0 0 2 2] 

#f>ti;t L E D ^ > >^(D)I^S5:ira^ b i: ^ 2 0 mAT#g3t^^:R4 

7 0nm, mS.ScdX% i&f^«ffi«3. SVTfeoito 
[0 0 2 3] 

igi&«^iS2 omA-ei 0 0 0 mmmmnm^n^fc^^. i 
0 0 o^^^t)5g^izi^;R, mm. mi^nm^m^titMiJ^^tco 
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[0 0 2 4] 

nmO^MlCbfeLED^f^fSbJto S I M SM^Sr^To fe^M. pMM®Mg 
mmit 7X10 ^^atoms/cm^T';!K^^i^li 2X10 ^^atoms/cm^l?fe *J , 0 2 ^ HI 

|gl&«iS2 OmA-e|§^?2g:S4 7 0 nm> jli^l. 5 c d t&#«JE 3 . 3 

[0 0 2 5] 

AIq jGaQ gN:Mg*^e)^-5^|g|5&lfcMl 4 $:2 0 nm, p^rr>^iJrh»l 

, mr=--JVtjti^ii\t^ pMM*^l«^t>t®fc«?). ^^#^^458 0 OTC 2 0:0-^ 

fjo p mmOM g mmt 7x10 ^^atoms/cm^-eTK^a^t* 6 X 1 0 l®a 

tons/cm^-e:&^Z.ilif^mmi^t=.o r ® L E D ^ L/i/bJ^:^. 
«SS2 OmAT^^tlj^;fi4 7 0 nm, )JiS2. 6 c d T% 3 . 7Ve 

[0 0 2 6] 

*;tjt^M3 1 hx^-&:^mititmmziimmr^m^mi 3 ^ mo. 35^^0.65^' 

Si 2 0 nm©#MlCU^c'^rx/\$:f^^U it^M 2 i: |^^iC|^T--;i/^ L E D 

l±7X 1 O^^atoms/cm^TrTK^tSMliS X 1 0 ^^atoms/cm^X' iticM 3 HmmX^) 
o^o Zl(3!)LED^>-/<Z)ffi^$:ii^bfeM*. |gifr«?)?E2 0 m A-e^3t?g^:S4 
7 0nm, mmi. 2cdT\ l&fN«JEli3. 1 VXtb^fco 
[0 0 2 7] 

03 lC3fi:||JgMfeJ:t?JtieMl~3®LED<Z)ai-i;>^*^^$:^-tc :2|s:|life 
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, 3<z)L ED^>:/'ettx-i;>^tfr*^e><g)!f;g'efeo;to *:^> Jt«cM2®L 
^ZHi^^^mht^o 2ji:||JgM^<fctJ^JtieMl~3®ac-s;>^^ABtf, 1000 

mm:r.-i;y'!f^<Dm^Mmm(os iMs-:fu-7 7^ )v^m4 izm-to i o o o 

[0 0 2 8] 

MbKBimyi^mmmizM-t^ 10 0 omm^<Dm^(omm^> :i.'-py^iSLK 

^M(Om-M'^ 1 0 0 iibfc^®Siy-^V%$:a^'to n^m^l 6liMo/Au®ii> 
T', pM«;^1 7lCliP d/Au i:N i/AuCD2a^$:'f^^Litfebito 
H:®*^ P d / A u n^ii^mmm.ii'^ I X 1 0 l^atoms/cm%r T'^^b-fr 

•r, P m.WmW l / a u ©^-^ttJ^^^K^^gM*^ 4x10 l^atoms/cm^TT' 
^Mb b T VN v^ r *^t> *^ -5 o 
[0 0 2 9] 

MJ:S:^W®?tfXifilC^it-53^Mm^4>ffi*U OTo r rT'^S^^lC^ 
VNT, -t?-7T>fT (OOOlffi) a^Kl 0±lC, AlN7l»y:7TMl 1^ GaN:Si3?)> 
e>3S;SnMn>^^ hMl 2 U T5!f:^fe cfctl^^il^M 

0. 7To r rT'LED(Z)^^«ii«jt$:f^^b, S I M S?l!l^S:|ISgLfcil ^ 
5, P MM®M g 7X10 ^^atoms/cm^TTK^^i^li 2X10 ^^atoms/cm^ 

T'^U, nMM(3D7KmigS«3 X 1 O^'^atoms/cm^T^-S^^^'^ifHf^^bfcc 3© 
^^®1S0il#14liJ^m«S^ 2 0mA 1^^%^.^^ 7 0 n m. 2 . 7 c d 1?. 

m^nmtA. i vr-^y, i o o o ^ra3i«t^i§i^c?)#ffitt> mmnm,^ om 

AT*|§3t?g:R4 7 0 nm. jl?^ 2 . 4 c d l&#«JEhli4. 5VT'5I^S®<£T 
[0 0 3 0] 

nMM®7K^lCg5bT> 1 X 1 0 ^'^atoms/cm^jeJlJKD^^, figM 
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[0 0 3 1] 

tjt^. mmtv-yy^r (oooD cffiicKS=fe®T'tt^<. A®, 

:7T^TS=K$:MV^Tti<I:<, ^^=bSiC. Si. Z n 0^$:ffiVNT=bl^ t:^^ 

[0 0 3 2] 

(^]^®?^ffi2) 

>rT (0 0 0 1®) ^^±lC/\-r K^>r KVPE^ST'3 O O Am^OSi-doperCa 
m^^-St^-^t=.^^ WJ^lC<fc t; if :7T>rr»« 2: IS?* b:tG a N (0 0 0 1® 
) «>K4 0 J:^C'^JafcMOCVD^-e, S^^aSl l O 0r;7?GaN:SiM4 1 ^ 1 /i 

[0 0 3 3] 

i^;f;:^$:^^lClOy#;^InQ ggGa^ ggNrSi (2nin) *d^#F^5t?S'ff M 

4 2 10 0 OX^-VIlIq ^Ga^ gN:Mg*> ej^^-S^^gRSlh® 4 3 S: 2 0 n 

m^:R$1±feo 0 b OX:K±^^ii. G a N : M g 

-5 pMn>^ti^ hM4 4 5:0. 3 ytt m^:R$-B:fco ^^^jgfife^^, ^^VT:^ 

1 o'c/^T'Ti^^-&:^= z(Dmuumwr^n^t:L^(D^^vris^ 

[0 0 3 4] 

atoms/cm^T'^^K^Ig^liS X 1 0 %toms/cm^T'fe ^ , nMMOTK^tilili 1X1 
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ol^atoms/cm3cZ)^mPS#JgAT"T?feSr i:7b^W^b>tc v MM (^M s Mmti^ 9 X 

V^T, pMM®7K^aa!«4 X 1 0 l^atoms/cm^Jgiir'efeS Zl i: A^f fl^ L ifeo 
[0 0 3 5] 

0^lCLEDf^^®^n-feX§:fer3a:e>o ^-f. G a N : S i «^4 0 
{CnMm@4 5 bTT i /A 1 ^, p^3>^^ hG a NM4 4 ©Affile lip 
M«^4 6 ilLTAu/P d^m^-t^o 
[0 0 3 6] 

VOnin, m^S. 3cd-e, m'f^«ffitt3. IVefeoT^o 
[0 0 3 7] 

3CD^^S:^M> l^i&«S^2 OmA-e 1 0 0 0^^a«^^$:^TofeJg||, 1 

0 0 o^ra^=fo^^?g^:R, i8f^> t&^«ffiic^fbli»>o:t„ 

[0 0 3 8] 
[0 0 3 9] 

Vi}yt.^7!(.miZ^*JWX. AIq^^GEq gN:Mg*^e,:&S^|gKrJ±M4 3 pM3> 

M(Dmmit 1 nm~5 0 nm^ T^^b$i±}to 
[0 0 4 0] 

mTizm^m<DmmizM-t^ i o o o^k^(o^^-©}i?ms:, x->>'>^©a 
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[0 04 1] 

msitm:M<DmM2<D'LDm^(DW\Mmv^^. ^yr^r (o o o i®) m 

m2 0±\Z1 6To r r COMffiMO C VD^. S^MS 5 5 OTCTGaNAry:? 
T®2 1, 1 0 0X:-eGaN:Si*^e3:&-5nM=i>^^^ hM22$:4^in 

[0 0 4 2] 

^©^s ^'KMi^S: 8 0 OICT'IiIq q^Gq g5N:Si*^e>:&'2>^^y ^^15511:^2 3 
5: 5 0 nm^;S$-&, ^«^ag$:gtJf 1 1 0 0 t: i: LT, S i F-:/A1q jGa^ g 
NnM^^^y FM2 4 & 0, 5 /im, GaN:Si*^e>^SnM75f-r K»2 5 5:0. 1 

[0 0 4 3] 

}i^^\H<Diiy.^\Zt5\'1>^^mCO^^^ff^0. 2TorrT% fig^SlSg^S: 7 6 0 
TClCbTInQ QgCa^ ggNiSi (4nin) ^"o. 15^^0.85^* ( 2 n m) / 

Iiiq QgGa^ ggN:Si (4nm) © 5 MSS^^fii^^iR^Jt 2 6 1^?^ 
ST'AIq -^Ga^ gN:Mg*^e>:&S^^R5ItM2 7 1 0 n m&^;R$-ftS„ 
[0 044] 

SI 1 0 0*C•eGaN:MgA^e)^-& pM^ff^f KM2 8 ^ 0, 1 itt A1q_ ^Ga^ gN:Mg 
*^e>3&SpM^7^^y KM2 9 $:S:0. 5 At m, GaN:Mg*^ b p > ^? ^7 hM 
305:0. 3 /im^;R^-&fe„ U T ^ ^ l^tC7K^;t;>^«#A 

[0 0 4 5] 
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9, pMri^i? ^ hms 0 t=fo9 X 1 0^Vcm^T'7K^^i;gttpM?!f>f KM2 
8, pm^'yv \^M2 9^ pM=l>i5?r^ hS3 0 X 1 O^Vcm^'e*)^ 

[0 0 4 6] 

1 0 ^^atoms/cm^©^-^, 0. 7 T o r r JgAT'e^*l«> P MM®;!K^li^tt 4 
X 1 0^®atoms/cm%T"T:-fe'53i:*^W^b]t„ 
[0 0 4 7] 

^^—:&<D^3L/\'Vm^^fiF^-t^o 2 0 0 /t*miIii(Z)X hv>r^^JCGaN:Si:&^ 

{Cl^pMmig3 2i:bTAu/Pd?:2yttiiiipMG)::^h^>f:;^^^lC, nMGaN® 
^®tClinM«=^3 1 i:LTT i/A 1 $:?^^-rSo 
[0 0 4 8] 

Zl®m^-i*> ^^aCW|§^gb:/^„ L#V^m?^S. «flEli2 5mA. 5. iv-e*) 
o7^, Jti^®^lCpM^>!fc*=^-vy T$:Mv>T^;R$-ti:, SOOt:®^ 
mnm^^'^'Z Oi>r^T--;i/b^^aiy\$:±IShl^C:;^D-feXS:ffiV>TLD® 

OmA, 5. 7VT'^ofec T— S I M S "t? 

?B!I^-r€>i:2 X 1 0lVcm^t?feS3il*^iRI^b;to 
[0 0 4 9] 

^tcLmmmi tmmiZm^MlnQ -^^GJiQ^Q^l\:Si (2nm) #M®?S'ttS2 6$: 
[0 0 5 0] 

0 0 ommmiocwmm^mMLrtLi)^. itmmx'i¥mvr=.7!^mmmi}'^2 x i o^^ 
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[0 0 5 1] 

A10*-e, pM«^3 2 ICliAu/P d, Au/N i ilAu/P t (^3S^$: 
f^^btti^Lfeo Wfilif*^8 0 0 O^^Je^_b^iibTV^;&V^^^?). BOOO^raJSA 
Jt®#^i&zi^f LDm^=fo 8 0 0 o^^(Z)i::i5lc:/n^y b LTV>S. L 

D^^^co^^icMbTii, 5 0 0 o}^m&^±(Dm^^n'D^<D^Bi^t.mmLx 

[0 0 5 2] 

P A u / P d (Dm^ltm^7i<.mmmti^ l X l O ^^atoms/cm%T®m 

^>!K^?iS*^ 6X10 ^®atoms/cm3jS^T®*^-l?. * P A u / P t ® 

#^«J^^7fC^aig*^ 5X10 l^atoms/cm2jgi^T®*^"e 5 0 0 0 

[0 0 5 3] 

01 1 C p MM®M g ®>PM«^a$:^>fbSi3:^^-&®> L D|g^®#^?:at-r 
„ 3&i3> ZLODLD^^CDp^^Mtt-r^T, Au/Pd-e$>So MgtgMA^2X 
1 0 2 X 1 0 2 V c m^-^. ^^;!K^IBfgli 1 X 1 0 3 X 1 0 1 V c 
m^t?^»;, ]V[gii^ti4 X 1 0 ^^atoms/cm^J[^± 1 X 1 0 ^^atoms/cm^JgAT®^ 
m^<3D#^*'55 0 0 O^^JgA-L-efe-Sril^^^fHl^Lfec 
[0 0 54] 

01 2«||Jg<Z)?^ffi4 (5DLD^^C9^®0-e^So if^T^T (0 0 0 1®) 
m^±iZ/\>( K^-r FVPEMt?3 0 0 itimff<Z)GaN:SiH$:^:R$-ti:fe^, ffj^ 
ICJ: U-9-7T-f TS«5:l^*b^GaN:Si (0 0 0 1®) S^5 0±IC, mUUm. 
1 1 0 0TC^GaN:SiM5 1 2:0. 8 a mfi£:R$ii:, SiK-7° AIq -^03^ gNnM^ ^ 
^yKM52$:0. 5>xm, GaN:Si nM:**^ 5 3 5: 0 . l/im5:^S$ 

[0 0 5 5] 
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7 5 OTCtCbTInQ QgGaQ ggNiSi (4nin) ^"0.15^*0.85^* 
Si (2nm) /InQ. 05^^0.95^*^* (4nm) ® 3 Mii®#M*^#:R^5t©?S'f± 
4^m.^^-^> MST'AlQ^^GaQ_gN:Mg;5)^6^S^#gR&Ji:M5 5^1 0 n m 

[0 0 5 6] 

0 5 On-eCaN: Mg*> P KM 5 6 0 . 1 At m, AIq jGa^ gN:M 

g*^e)3&S pM^^^y KM5 7 O. 5 iti m. GaN:Mg*^ e>;&S p > ^ ^7 h 

JBtliO. 6T o r r "T^^o 
[0 0 5 7] 

o^lCLD#ig<D^n-feX$rJ3rJ&^o 2 0 0 /i mipg(^>X h ^-f :/:b^lC G a N 
nM3>^i57 hMTb^Sm-tS^^x-z^^y^r^f V^, p^G a NM®^®JC« 

pM®=S6 0i:LTAu/PdS:5 ittmi|g®:^ h^>r:/^^lC, GaN:Si^^®B® 

lCttnM«^6 1 t bTH f /A u ^B^-t^. 
[0 0 5 8] 

rO^d^tt, ^SCW^igbfeo b^VN^^jS, mffitt2 0mA, 5. OWV$> 

1 0 0 0^^t?L^V^«Sg, mffilC^>fb«^*^ofcc 
[0 0 5 9] 

±m<D^oK. ?SttMlCln^Ga^_^_yAlyN (0^x<l, 0^y<l) /In^Ga^ 
_5_tAltN( 0^s<l, 0^t<l) ^M^jt^SttM^-t-S^^fcife^^t-^i^^^^ 

i^^ytm'^X'. pmm^(Dmmii<immm^ i x i o i^atoms/cm^jg^Tic-r-sr i: 
[01] 
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[02] 
[04] 

2|s:^^0llJ6CDj^® 1 , itMtm 1 ~ 3 ooi- t^y^fmmizM-r^ l e D(Z)3if ^ 

[05] 

}!f S ® 3^©>^c^K^#ft HT? ^ S „ 
[06] 

[07] 

2f!:^^©||Jg<Z)?^^2i:Jti«Mtcfet:t-5LE D^^®a:-s;?>i5f^Ai 0 0 0 
[08] 

2ft^qg©^J6® 3 IC ^ l-J S L D m^CD 0"e S o 
[09] 

S o 

[010] 
[011] 
[01 2] 
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11, 2 1, A^y^rM 
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